methyl-1-propanol, widely used in clinical measurement of alkaline phosphatase activity, contains an impurity that inhibits the activity of the enzyme. Analysis of several lots of 2-amino-2-methyl-1-propanol has demonstrated the presence of a material, the concentration of which correlates well with alkaline phosphatase activity. Mass spectral analysis of this material indicates that it is a substituted ethylenediamine compound. Zinc chelation is discussed as a possible mode of its inhibition. Further work is in progress to separate and characterize this and other compounds in the buffer and to determine their modes and degrees of alkaline phosphatase inhibition.
Alkaline phosphatase (EC 3.1.3.1) activity is commonly measured from the rate of formation of p-nitrophenol from p-nitrophenylphosphate (1, 2) . The rate is enhanced, for convenience and increased sensitivity, by use of an alkaline buffering compound, which is transphosphorylated in the reaction. The compound 2-amino-2-methyl-1-propanol is widely used for this purpose (2, 3) and is the buffer used for alkaline phosphatase determination with the DuPont Automatic Clinical Analyzer (aca).
Buffer used on the aca has required careful screening at Du Pont, so as to reject certain lots that result in lower-thanexpected alkaline phosphatase activity. Recent lots of 2-amino-2-methyl-1-propanol have shown this problem more frequently and severely. We continue to reject those lots giving low activity. Here we report preliminary results of work to characterize 2-amino-2-methyl-1-propanol impurities and wish to call attention to an organic impurity, the concentration of which correlates well with depression of alkaline phosphatase activity. For gas chromatography we used a Model 5840A gas chromatograph (Hewlett Packard, Avondale Division, Avondale, Pa. 19311).
Material and Methods

Apparatus
Columns for GCIMS work were packed with Carbowax 20M on Carbopack B. Those for GC work were packed with "Tenax GC" in glass columns. StarredItems are those that contribute to the structwal assignment. 
Reagents
Seven lots of 2-amino-2-methyl-1-propanol were sampled (IMC Chemical Group, Inc., Terre Haute, md. 47808).
An above-normal enzyme control containing 900 U of calf intestine alkaline phosphatase activity per liter was obtained from E. I. du Pont de Nemours & Co. [1 U is defined as that amount of enzyme converting 1 imol of substrate per minute at 37 #{176}C and a pH of 10.15 at reagent concentrations as used in the aca test for alkaline phosphatase (7).]
Procedures
Solutions of 2-amino-2-methyl-1-propanol in 2-propanol (100 g/liter) were chromatographed underivatized. Flame ionization detection was used, and the column temperature was programmed from 120 to 250 #{176}C at 8 #{176}C/min. GC/MS was used to characterize impurities in 2-amino-2-methyl-1-propanol.
The components were first separated on a Carbowax 20M column and then subjected to both chemical and electron ionization in the mass spectrometer. Interference for seven lots of 2-amino-2-methyl-1-propanol was measured by determining the aca response to three activities of enzyme control (900,540, 180 U/liter) at 37 #{176}C and a pH of 10.15. For these experiments the aca was run according to the standard operating procedure defined in the aca manual (7).Measurements on human serum samples were made with a specially-equipped ace operating at 30 #{176}C.
Results
Alkaline phosphatase response.
The alkaline phosphatase response measured on the aca was plotted against the ex- tase test from "good" to "poor."
Trace elements.
No trace elements were detected in any of four vendor lots examined by x-ray fluorescence.
(Elements below aluminum in the periodic table are not detected by this technique.) The detection limits for Al, Si, P, S, and Cl are about 200, 100,50,50, and 25 ig/g, respectively. For all other detectable metals, detection limits are on the order of 10 ig/g.
Analysis
by atomic absorption spectroscopy for specific elements showed no Ca, Mg, Zn, Ni, or Li, with detection limits of 0.1, 0.1, 0.1, 0.5, and 0.1 g/g, respectively.
Sodium was found at concentrations from <0.1 to 1.28 eg/g, not considered significant.
Organic impurities. The organic impurities in seven lots of 2-amino-2-methyl-1-propanol were determined by gas chromatography, with flame ionization detection (FID), and the data was compared to the alkaline phosphatase aca slope for each lot of 2-amino-2-methyl-1-propanol.
These slopes were plotted vs. the concentration of each measurable impurity in 2-amino-2-methyl-1-propanol, and correlations were determined (Table 1) . Concentration was on a weight basis, uncorrected for differences in detector response. Most impurities showed essentially no correlation (r2 <0.80), but for component 6 the correlation was good (r2 = 0.949) (Figure 1) . The purity of 2-amino-2-methyl-1-propanol was also plotted vs. the slope data ( Figure 2 ). Purity as measured by our GC method did not include any contribution from moisture content. Correlations in Table 1 were considered individually, because insufficient data were available for a full analysis of variance. These data strongly suggest a relationship between component number 6 and the interference in alkaline phosphatase measurements.
Serum measurements.
The effect of buffer lot on response with human serum is demonstrated in Figure 3 . These experiments were part of a separate study run at 30 #{176}C, so the magnitude of the effect cannot be directly compared with control-product results. We include Figure 3 to illustrate the clinical significance of the buffer problem.
Chemical ionization mass spectral analysis of component number 6 showed it to have a relative molecular mass of 140. Electron ionization (see fragmentation pattern, Table 2 ) showed the presence of two nitrogen atoms in the structure (8) and evidence for an alkyl substituted ethylene diamine of the type: NH2 NHCH3 R-C-C-R' Table 2 gives relative abundance of various fragments for this component. This is the impurity that shows a correlation of 0.949 with the alkaline phosphatase slope data. It was not detected in the sample of 2-amino-2-methyl-1-propanol with the highest slope, but its concentration in the worst case is between 1 and 2 mmol/liter in the aca alkaline phosphatase test.
I I HH
Discussion
Impurity number six, tentatively identified as a substituted ethylene diamine, appears to be a key contributor to the problem of sensitivity of alkaline phosphatase activity to buffer lot. Chelating agents are known to reduce alkaline phosphatase activity by complexing metal ions essential to activate the enzyme (9), and ethylenediamine forms very In our experience the impurity problem has affected measurements with sera as well as control products (4) . This is illustrated in the data of Figure 3 , obtained by using serum samples.
aca response, with use of a rejected buffer lot, is plotted vs. response using an approved lot. The difference between the slope of the line (0.92) and the theoretical slope of 1.00 illustrates the significance of the problem with sera.
Concentrations
of impurity number six are given in the legend of Figure 3 .
Work is in progress to: (a) isolate and more fully characterize key 2-amino-2-methyl-1-propanol impurities, (b) define their modes of activity depression (chelation, direct enzymatic inhibition, etc.), and (c) determine the best corrective measures. We plan a complete discussion of the results as a part of a future communication on this subject.
